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Toyopearf Besios for IEC 

: ;550 : series for most (vofoias 
Anion Exchange 

Toyopearl DEAE-650 
Toyopeari SuperQ-650 

Cation Exchange 
Toyopearl CM-65G 
Toyopearl SP-650 

: 550 series lor smaller proteins 
Anion Exchange 
. , Toyopearl QAE-55Q 

Cation Exchange 
Toyopearl SP- 550 
Toyopearl MeqaCap™ SP-550 
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Toyopeari ton Exchange Chmmaiograph resins 

ion Exchange Rtrsmatography (IEC| the most common Nquid 
chromatographic method used in manufacturing therapeutic protons. 
Due to the high dynamic binding capacities of ton exchange resins 
relative to those of the other chromatographic modes {labia a it is 
the technique selected by many developers for trie capture or 
concentration chromatographic step. 

Tcsoh Bioscience offers a bread fangs of products for ion exchange 
application! 

How does IEC work? 

[£€ is based on the binding of proteins to positively or negatively 
•;>/•:: umup:-: wv.y. =pp Tomans :??::: a sT-:u : c ;-r ■? pnass aid 
which are in equilibrium with free counter ions in the mobile phase, 
fn the process of adsorption, the mobile phase counter ions are 
exchanged by the protein solute. The binding of proteins to the ion 
exchange matrix predominantly occurs via charged amino acid residues 
located at the surface of the protein molecule. 

The development of optimum chromatographic system conditions 
requires knowledge of both the protein's pi and the pKa of the ion 
exchange media. An eiuent buffer pH is selected between the pi of the 
target and the ion exchangers pKa {Figure 11 This ensures that the 
protein is m the opposite charge state of the ion exchange medfa, 
When possible, the pH is also optimized to effect the highest solubility 
of the target protein. Higher protein solubilities make more efficient 
use of the overall ion exchange capacity of the resin. 

A salt is selected as the source of counter sons m the mobile phase 
and elation occurs as the salt strength is Increased to a higher 
concentration than the targets binding salt conditions 

Ion exchange groups available 

Toyopeari and TSKEL IEC resins are available with 5 different ion 
exchange groups as shown in Table U : 

* 3 for anion exchange - SuperQ, QAE, DEAE 

♦ 2 for cation exchange - SP, CM 

The pKa's for these ion exchange groups are listed in [Figure 1}. 
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ptCa^s for Ion Exchange groups 
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Pore sizes offered 

Tosoh Bioscience offers a broad range of base bead pore sizes 
(Figure 2j. There are currently 2 different mean resin pore diameters 
used for the ion exchangers: 1 0OOA and 500A 

• Toyopeari SuperQ-650. DEAE^65-D, SP-650, and CM-65G; use the 
10D0A mean pore diameter size exclusion chromatography j SEC} 
resin Toyopeari HW-S5 as the base bead. 

• TSK-GEL SuperQ-BPW, SP-5FW. and DEAE-5PW use the lOGOA 
mean pore diameter TSKgel 5G00PW SEC resin as the support. 

• Toyopeari QAE-55GC. SP-550C, and MegaCap SP^550EC use 
Toyopeari HW-S5 as the base resin, with a 500 A mean pore 
diameter 
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Structure of Toyopear t ion mchmge resins 
fbp&pemirmm p&re size functional group 
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Figure 3 

Optimization of insulin binding capacities as 
& function sf pm&siz® $f experimental 
TSfC-GEL SF-type resins .! 
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Comparison of TSKgei DEAE 5PW 
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TSK GEt PW: 10OD 2000 4000 

1ncre«sif}fl pore surface area : 

Higher surface area s more capacity 

A bead with a sma!! pore size has mare surface area than ifce same size 
bead with a larger pore, (f a protein will fit into the smaller pore, ari-d 
specifieaHy the effective pore which may be smaller because of the 
attachment process of the functional ion exchange groups see (Figure 31 It 
will typically have a higher dynamic binding capacity than the larger pore 
version, (see cation exchanger lysoryme breakthrough curves in {figure 13}. 
For a comparison of Hie dynamic binding capacities of all Toyopeari and 
TSK-GFL anion exchangers, see {figure V21 

Multiple particle sizes simplify scaling up or down 

Because Ibvopear! HW-65 and TSK- GEL 5000PW products have the 
same resin backbone chemistry and selectivity, scale-up or scaie-down 
for a selected ion exchanger is sample , Practically speaking, the 
chromatographic conditions that work for one particle size will work for 
a different particle size. The elution order of the feedstock components 
win remain the same with increasing resolution as the particle size 
gets smaHer. (Figure 4j 
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(Figure Slum the complete range of ron exchange products, particle 
sizes and suggests how thsy are typically placed into a manufacturing 
scheme. Please note that the specific particles shown are in mean 
diameter sizes of: 200 {EC), 100 (Cj. 65 (ML 35 IS}. 30, and 
20 microns. 
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Also, a number of products are available as prepacked TSK-G£L 
analytical columns which use 5 and 10 macron versions of the beads. 
Please refer to our Laboratory Catalog or our website for more 
information on these items. 

Mechanical stability 

If recommended packing procedures are followed. Toyopeari and 
TSK-GEt (EC resins maintain stable bed volumes during the oH and 
ionic strength changes that occur during normal ion exchange 
chromatography (Consult our Toyopeari and TSK-GEL BPW Fading 
Guide for the recommended packing conditions for each ion 
exchanger). Multi-cycle gradient operation and re-equi ligation are 
accomplished without volume changes in the Toyopearj column bed. 
Notice in {Figure 5/ thai the bed volume of competitive anion 
exchangers may change several percent during the course of a salt or 
pH gradient. 

The mechanical stability of Toyopeari resins allows the use of longer 
column beds with more efficiency or higher operational flew rates. 
Typical linear velocities for loyopeari SP-550C (IDOum particle] packed 
in a 1.4m ID process column are shown in [Figure 71 The pressure/flow 
relationship remains linear up to GOOcm/h. The recommended 
operational backpressure lor Toyopearj resins is a maximum of 3 bar 
(45 psiK 



Process media 

Toyopeari MegsCap SP-55G£C 



Toyopead Sup8fG-6S)C 
Toyopeari D£A£-8SGC 
Toyopeart QAE-550C 



Toyopeari SuperCMoSGM 
Toyopeari QEAE-65GIV1 



Toyopeari $uperG-65GS 
Toyopeari OEAE-650S 



TSKgel SuperQ 5PW130) 
TSKgelDEAESPW|30} 



T$KgelSupera-SPW|20} 
TSKgel 0£AE-SPW|20i 



Toyopeari SP-650C 
Toyopeari 3P-550C 
Toyopeari CM-6S0C 



Toyopeari $P 850M 



Toyopeari SP^SSOS 
Toyopeari 



TSKgel SP-5PW {30} 



TSKgel SP-5PW 120) 



TSKgel SuperD 5PW i^mmism. TSKgel SP-5PW /.mimsc* 
TSKgel OEAE 5 m^Mm^m TSKgel CM- 5PW.?«rM.fem 



TSK-GEL \f£ resins Have a smaller particle size and a corresponding 
higher intrinsic backpressure than the Toyopeari products, Since the 
TSK-GEL type resins have the same backbone methacryiic polymer 
chemistry as their larger particle Toyopeari complementary products, 
their degree of crcssiinking is slightly higher allowing them to 
withstand operational backpressures up to 20 bar *30G pssj. 

Scale up from a lAcm 10 to a 60cm ID column 

A 5000-fold scale-up of the (^gatoosidsse enzyme purification was 
accomplished using Toyopeari 0EAE-S5GM. The chromatograms in 
{Figure 8} demonstrate the excellent scale up characteristics of 
Toyopeari ion exchange media. Gradient slope and particle diameter 
remained unchanged in the scale up. Linear velocity was reduced by 
15% in the largest scale separation, and resolution actually improved 
relative to the smallest scale separation. This may be partly attributed 
to increased bed height and the slower linear velocity. Although the 
column volume was increased m pan by increasing the bed height, the 
principal change in column volume was a result of the greater column 
diameter (1.4cm to 60cmi : This example illustrates how Ibyopear! 
media can be conveniently scaled up from laboratory to production 
scale applications using the same particle size If desired. 
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Toyopeafl resins have more stable bed volumes 
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Figure 7 

Pressure drop vs. linear velocity for Toyopearf SP-55QC 




Chemical stability and routine denning 

The polymeric base res?ns of an Toyopearl and TSK-GEL ion 

{figure 9 }. Although fen days of exposure to strong base SpH = 1 2\ 
decreases the small [on capacity of Toyope&l SuperG-65GM. the 
bovine serum albumin adsorption edacity remains constant after 28 
days of exposure. Overnight cleaning or sterilization procedures with 
strong acid or base are therefore possible with Toyopearf and 1SK-QB 
ion exchange resins. These resins can also be autoriaved at 121°C, 
(Figure 10} 
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Figure tti 

Toyopearl DEAE-gS08fl can fee autoclave*! at 12! C C 
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Pratem recovery 

Toyopearl and TSK-GEL ion exchange resins deliver exceptional 
protein mass recovery, as shown in Table HI and U The mass recovery 
percentage of each protein was determined spectrophotometsicaHy 
from the recovered fractions. Retention of activity indicates that 
protein-resin interactions do not disrupt the native conformation of the 
product. Nonspecific protein/resin interactions, which can lead to 
protein inactivation or irreversible binding, are minimized with 
Toyopearl resins. 

The capture step 

fen exchange chromatography is well known for Its high binding 
capacities of charged biomofecuies. These high capacities allow the 
adsorption of significant quantities of target from a dilute feedstock 
and then the subsequent eluticn of the same molecule into a more 
concentrated fraction, 



This is one of rhe principal reasons ion exchange is roost often 
chosen as the mitral capture step in a process, it is also the reason 
that ion exchange may be used after a diluting unit operation such as 
size exclusion chromatography. 

Feedstock clarity and particle size selection 

There are many consideratrons in the choice of the right particle s??e 
for an ion exchange capture step. If the feedstock has a high level of 
particulate, is viscous, etc. then a traditional adsorbent step using a 
very large particle, such as a 600 micron bead, is utilized. However, 
large particle diameters are detrimental to adsorption, because of their 
poor binding kinetics. This can lead to increased load times, longer 
ekition times and low dynamic binding capacities. 

On the other hand, if the feedstock has been clarified, such as 
through a 0.2 micron filter, then smaller partes sizes can be used and 
the head size selection is more influenced by the pressure and flow 
specifications of the pumps and column hardware. 

Because the smaller bead has faster adsorption kinetics, its effective 
dynamic binding capacity is significantly higher than that of the very 
large particles. The improved smafl particle kinetics also allows the 
loading of feedstock at a higher linear velocity if desirable, 

A column packed with a smaller particle will also have more 
theoretics! plates than one of the same dimensions packed with larger 
particles, thus increasing separation efficiency. Higher efficiency 
translates to higher resolution which can enhance the purity of the 
etad p-roduct 

Tosoh Bioscience offers a wide range of particle sizes to address the 
needs el most process steps as seen in Figure 5 {page Wh 

The importance of target recovery 

Product recovery is of entice I importance whether deaitng with 
expensive feedstocks such as mammalian ceils or scarce resources 
such as the isolation of proteins from blood. A 3-step purification train 
with a 3fJ% product recovery at each step will yield 73% of the 
original target feedstock bad, if an 80% recovery is achieved for each 
step the process Will only have a 51% yield. This means that twice as 
much feedstock is required to produce a given quantity of target, Also 
of importance is the retention of the molecules bioactivity throughout 
the process. 

The high dynamic binding capacity of a given resin must be coupled 
with rts bioactivity yield to compare with other resins, in many cases 
lower dynamic binding capacity resins with 100% mass and bioactivity 
recovery are a better choice than a higher capacity resin wrtfr 
compromised mass yield and bioactivity 

Toyopearl and TSK-GEL polymeric ion exchangers are excellent 
choices when high bioactivity recovery is paramount, 

Downstream steps 

I EC steps also may have high resolving power. This can be Influenced 
by a number of variables such as: particle size, functional group, salt 
concentration, salt type, pH r and specific immobilization chemistry 

For this reason ion exchange chromatography is also a very useful 
technique for intermediate and polishing applications where separation 
factor plays as important a role as binding capacity. 
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Resolution as a function of had 

The relationship of resolution to the amount of material loaded onto 
the resin is z\m an important consideration in developing a 
chromatography capture step. In figure 1 1, four competitive resins are 
each loaded with 33mg of protein par ml of resin bed. Although the 
mass loading and bed volume are identical for off lour resins, Toyopeari 
SuperQ-S50M provides the best separation because it is loaded at a 
lower percentage of its potential capacity. 

Sequential processing 

Charge interactions between resin and target molecules are 
fundamental to the selective power of [EC. It may be complemented 
with other non-charge mediated chromatographic techniques in the 
design of an efficient downstream purification process, IEC is often 
used in conjunction with hydrophobic interaction jHICL size exclusion 
(SEC}, or reversed phase {RPC} techniques in a logical and effective 
sequence. In some cases it is used downstream from an affinity 
purification step. By careful selection of sequence, salt concentrations 
between steps can be matched, avoiding unnecessary addition or 



Applications: 

Proteins, antibodies, plasma proteins, peptides, trypbc digests, 
nucleotides, oligonucleotides, viruses, antibiotics, glycoproteins 

Please check the database on our website for numerous applications. 
{www.ta$ohb!0$cience,com) 

ToyoScreen prepacked columns for process development 

ToyoScreen columns packed with Ine fall range of our Toyopeari IEC 
products are available in Imt and 5mi resin volumes. They provide a 
convenient way to do early resin screening for both target retention and 
recovery, Multiple columns can be connected in series for additional 
separation. Please see the ordering information at me end of this 
section or contact us for more information on these products. 

LabPak 

For scientists wishing to develop a better physical understanding of 
the packing properties of Toyopeari and TSK-GEL Ion exchange resins, 
we offer Toyopeari LabPaks of smaft quantities of the bulk resins. 
Please see the ordering information at the end of this section or 
contact us for more information on those products. 
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Figure 12 

Typical 4ymmkUn4in® capacities far BSA 
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Ordering Information 



ToyoScreen process development colamns for IEC: 

Part £ Product description 

: - : v ! Mi \ , ToyoScreen OLAT-^tM 1ml 

21361 ToyoScreen DEAE-650M, 5ml 

2l3f>? : r. : :.vr.Sc^:^$yp(M 0!3dlVl-1mL : ': '•; 

21363 ToyoScreen SuperQ-85GM, 5mL 

21365 ToyoScreen OAE-550C, 5mL 

2:1306 K^cro ;; n(;M^U^;\m;L: ^ ; - : : 
21367 ToyoScreen CM-65GM, 5m L 

nm iovos;.r ; . ^sYmujmi . l 

21369 ToyoScreen SP-S50M, 5mL 

21371 ToyoScreen SP-550C, 5ml 

rnyo.Swj :> Iff. Amin Mix Park, 1ml 
21293 foyoScreen itC Anion Mix PmM, 5m L 

21335 ToyoScreen !{C Cation Mix Pack, 5mL 

21307 ToyoScreen IEC Mix Pack, 5mL 



P3C&££5 

:irnL :: x!'.S..eaeri,;-' 

5m L x 6 each 

. jjnT. x -ft eotif ;■■ 

5m L x 6 each 
: :,;.1M\x S-e^ch;' 

5ml x B each 

1 i v - ■■ x B v:in:M 

5mL x 6 each 
: iml :x (U^ch : : : 

Sml x 6 each 
: I ml x S cnch 

5m L x 8 each 

5mLx 3 Grades x 2 each 
•ImLx B.^rades % : TmrM 
Sml x 3 Grades x 2 each 

5mL x 6 Oracles x 1 each 



TeyoScrecn cofomit accessones 

Pa/t # Pro&dc t description 

• •21:400- • '. '": ipioScmm:C^Mmn Md&\-*., ■ 

42194 ToyoScreen Holder w/ Fittings 

'42135' ••• Cotan.to Colymn eonnector- .. 

42196 Adaptor, M6 int to 10-32 ext PEEK 

:. : '42197 .;" "Adaiitfer;i/^M.ib1t}-3Zfixl / .f€EK- 



Includes 2UO0, 42195 and 42196 (qty. 2} 
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